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SEMICONDUCTOR DEVICE METAL 
PROGRAMMABLE POOLING AND DIES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor integrated circuit designs and dies, and more particu 
larly to extendable semiconductor integrated circuit designs 
and dies. 
[0002] Custom design of chips for integrated circuitry 
alloWs a chip designer the opportunity to optimize circuitry 
Within a chip to account for speed, footprint and poWer, and 
yield issues. Thus, custom design of chips for integrated 
circuitry generally provides chips operating at the highest 
clock rates, having the loWest footprint and poWer consump 
tion, and potentially the highest manufacturing yields. Such 
customiZed chips provide the opportunity for increased chip 
functionality and decreased manufacturing costs, particularly 
for high volumes of chips. 
[0003] De?nition, design, and test of custom chips can be a 
long, laborious, risky, and expensive process. Custom design 
?oWs generally include RTL coding, synthesis, timing analy 
sis, place and route, as Well as veri?cation Within and at 
potentially each step. Errors and problems may occur at each 
of these steps, and each of the steps and other steps or indeed 
the entire process, may need to be revisited, possibly multiple 
times. Moreover, depending on any particular design, yield 
may be adversely effected by design ?aWs or other inadequa 
cies in the design. 
[0004] The use of IP blocks, such as third party IP blocks, 
Within a custom chip can reduce risk and design costs. The use 
of third party IP blocks can also be problematic, hoWever. The 
third party IP block may have been designed using a different 
design How than that used for the rest of the custom chip, 
introducing the possibility of errors and increased integration 
effort in integrating the third party IP. For example, third party 
IP may have been modeled using different process parameters 
than those used for the rest of the chip, potentially making the 
models, and thus expected chip operation, inaccurate. The 
third party IP block may also not be optimiZed for the manu 
facturing process used for the chip, introducing potential 
yield issues. 
[0005] An alternative to a custom design process is the use 
of, for example, a ?eld programmable gate array (FPGA). 
FPGAs, hoWever, generally exhibit reduced clock speeds, 
resulting in reduced performance, and increased footprint, 
Which often implies increased poWer consumption. In addi 
tion FPGAs often require increased production costs, consid 
ering that the FPGA chip generally includes gates for a Wide 
variety of uses. In addition, FPGAs may have limitations in 
terms of ?oor space available for on-board memory or other 
speci?c items, further restricting the scope of use of FPGAs. 
[0006] The possibility of including at least some metal 
programmable elements, such as phase-locked loops (PLLs), 
on an integrated circuit die is knoWn. During fabrication a 
PLL With particular characteristics, selected of a feW possible 
characteristics, may be devised by interconnecting particular 
components available to make up the PLL. In many instances, 
hoWever, merely changing an aspect of an operation of a 
particular component on a die of an integrated circuit is insuf 
?cient to provide for increased capabilities for a range of 
possible functions. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a pool of metal pro 
grammable dies and metal programmable multi-tile dies. 
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[0008] In one aspect the invention provides a method of 
forming a pool of die designs for use in manufacturing dies, 
comprising receiving a pool of die designs, each of the die 
designs providing for a metal programmable base layer; 
selecting a die design for use in fabrication of a die if a die 
design in the pool of die designs provides a desired function 
ality; selecting a die design for customiZation and fabrication 
of a die if a die design in the pool of die designs provides a 
suf?cient level of desired functionality, a suf?cient level of 
desired functionality being a level of functionality Which is a 
desired level of functionality after customiZation of the die 
design; customizing the die design; and adding the custom 
iZed die design to the pool of die designs. In a further aspect 
the invention further provides determining that no die design 
in the pool of die designs provides a desired functionality or 
a su?icient level of desired functionality; forming a custom 
die design for use in fabrication of a die, the custom die design 
providing for a metal programmable base layer, the custom 
die design providing the desired functionality; and adding the 
custom die design to the pool of die designs. 
[0009] In another aspect the invention provides a multi-tile 
die, comprising a plurality of tiles of a Wafer forming a single 
die; each of the plurality of tiles including I/O slots; at least 
some of the I/O slots including a base layer con?gurable 
either for providing off die electrical signal communication or 
for providing intra die electrical signal communication; With 
the base layer con?gurable by metalliZation. 
[0010] These and other aspects of the invention are more 
readily comprehended on revieW of this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a pseudo block diagram ofa process How in 
accordance With aspects of the invention; 
[0012] FIG. 2 illustrates a layout of an integrated circuit die 
in accordance With aspects of the invention; 
[0013] FIG. 3 is a How diagram ofa process for obtaining an 
integrated circuit die from a pool of dies, and for adding 
additional platforms to the pool; 
[0014] FIG. 4 is a process for integrated circuit designusing 
a pool of metal programmable chips and increasing the siZe of 
the pool; 
[0015] FIG. 5 illustrates a Wafer including a plurality of 
dies; 
[0016] FIG. 6 illustrates a further die in accordance With 
aspects of the invention, With the further die including metal 
programmable multi-die capabilities; 
[0017] FIG. 7 illustrates a tWo-tile integrated circuit die in 
accordance With aspects of the invention; and 
[0018] FIG. 8 illustrates a quad-tile integrated circuit die in 
accordance With aspects of the invention. 

DETAILED DESCRIPTION 

[0019] FIG. 1 illustrates process ?oWs in accordance With 
aspects of the invention. A pool 111 includes a plurality of 
metal programmable dies. In general the pool does not 
include actual physical dies, instead including design infor 
mation for a plurality of a different metal programmable dies. 
The programmable dies generally include a number of select 
able blocks or components formed in semiconductor layers of 
the die, Which may be referred to together as a base layer, 
Which may be interconnected by metalliZation. Thus, the die 
may be considered metal programmable as speci?c metalli 
Zation patterns determine, or program, chip functions. 
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[0020] In one process How 123 a particular metal program 
mable die is selected from the pool. The metal programmable 
die is metalliZed in block 125 so as to selectively couple 
selected components of the metal programmable die to pro 
vide speci?ed functions for a chip. 
[0021] In another process How 115 a metal programmable 
die is selected from the pool. The metal programmable die is 
customized in block 117, for example by addition or subtrac 
tion of components to the base layer, or other modi?cations to 
portions of the base layer. In most embodiments the additions 
to the base layer, if any, are in terms of blocks, With the blocks 
preferably having components themselves referring to struc 
tures in a design library that are metal programmable. The 
neW metal programmable die is added to the pool of dies in the 
library. The neW programmable die is also metalliZed so as to 
provide speci?ed functions for a chip. 
[0022] In a further process How 129 in accordance With 
aspects of the invention, no metal programmable die from the 
library is usable for a particular application. Instead, a custom 
chip is designed 131, With the custom chip including a die 
having metal programmable components. The die is added to 
the pool of programmable dies, and the die is metalliZed 133 
so as to provide speci?ed functions for a chip. 
[0023] The metal programmable pool therefore provides a 
supply of predesigned dies, generally of a veri?ed and tested 
design, also preferably optimiZed from manufacturing yields, 
available to users. The use of the metal programmable die 
library provides for reduced design costs, reduced risks, and 
increased manufacturing yields. 
[0024] FIG. 2 illustrates an example semiconductor die in 
the pool of dies of FIG. 1. The die includes an I/O ring 211 
about the periphery of the die. The U0 ring includes a plural 
ity of I/O slots. Comers 215 of the die include circuitry such 
as poWer reference circuitry, phase locked loops, and signal 
regeneration circuitry. The interior of the die includes core 
logic functions 213. For purposes of FIG. 2, core logic func 
tions may include memory, higher level drive circuitry, and 
other circuitry performing functions that may not necessarily 
be considered core logic. 
[0025] In most embodiments each of the portions of the 
circuitry of FIG. 2 are designed to be metal programmable. 
That is, each of the portions include a base layer including 
transistors or other circuit components that, depending on 
interconnections provided by metalliZation, alloW the por 
tions of the circuitry to be con?gured so as to provide varying 
functions. For example, each slot in the I/O ring may include 
a su?icient circuitry to provide for double data rate RAM 
interfacing, different drive or receiving levels for various 
other de?ned interfaces, or other circuit elements. In any 
particular implementation, selected ones of the circuit ele 
ments may be interconnected by metalliZation to provide 
appropriate interfacing. Thus, the I/O slots are metal pro 
grammable to provide for a Wide variety of interfacing. Simi 
larly, core logic may include in its base layer a sea of gates 
formed by transistors, With selected ones of the gates of the 
seas of gates selectable for interconnection to provide for 
different logic functions. 
[0026] A bene?t of use of a die With a common base layer 
Which is metal programmable is that the die may be con?g 
ured by metalliZation to provide any number of different 
functions. Moreover, the base layer may be con?gured for 
optimiZed yield and to provide su?icient functions that many 
of the ?oor planning and other lay out functions may not need 
to be performed for any particular integrated circuit design. 
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Therefore, a metal programmable base layer may be used to 
decrease risk, cost, and design time in development of inte 
grated circuits. 
[0027] In addition, it should be noted that in most embodi 
ments the base layer refers generally to semiconductor por 
tions of a die, and the base layer actually may be provided in 
several physical layers of the die, With the semiconductor 
physical layers interspersed by metal or dielectric layers. 
[0028] FIG. 3 provides a How diagram for use of a die 
including a metal programmable base layer, as Well as a 
method for increasing the number of different metal pro gram 
mable base layers available for use. 

[0029] In block 311 a pool of metal programmable base 
layer dies are provided. Different metal programmable base 
layers in the pools may provide for differing amounts of 
memory, feWer or greater gates in the sea of gates, or include 
or exclude speci?c IP blocks. 

[0030] Inblock 313 aplatform from the pool ofplatforms is 
selected. Selection of any particularplatform from the pool of 
platforms in most cases is guided by an amount of desired 
memory, expected gate requirements for specialiZed logic 
functions, amount of required I/ O, and possibly other consid 
erations. It should be recogniZed that many times a chip 
designer understands general requirements for a chip in mind, 
and these general requirements are often derived from the 
chip designer’s oWn knowledge of chip functionality and 
requirements. 
[0031] In block 315 the platform is customiZed for a spe 
ci?c use. For example, a particular platform may not fully 
meet the needs of a chip designer. For example, different siZed 
memory blocks may be required by the chip designer, or the 
selected platform may not meet particular PLL requirements, 
or the base layer may be unable to accommodate a particular 
I/O standard. Thus, in block 3 15 the base layer of the platform 
is customiZed to include particular features. Preferably, any 
customiZations to the base layer are performed in a Way that 
is itself metal programmable. That is, if portions of the modi 
?ed base layer are expected to provide a speci?ed output of 
the particular clock frequency, then the metal programmable 
base layer Will also include other components Which may be 
connected through metalliZation to provide for circuit opera 
tion at someWhat varying clock frequencies. In some embodi 
ments customiZation is performed using a library specifying 
use of a metal programmable base layer. 

[0032] In block 317 the customiZed platform is placed in 
the pool of base layer metal programmable platforms. In 
parallel block 319 the customiZed platform is metalliZed to 
obtain desired chip characteristics. The process thereafter 
returns. 

[0033] FIG. 4 provides a further ?oW chart in accordance 
With aspects of the invention. In block 411 a pool of metal 
programmable dies is provided. 
[0034] In block 413 the process determines if a die in the 
pool is usable. Generally a chip designer Will consider the 
dies available in the pool of metal programmable dies and 
determine if any of those dies are usable for the chip design 
er’s needs. If such a die is useable, in block 415 the process 
determines if customiZation of the dies is required to achieve 
required functions or if cost reduction is required. Production 
of costs is often required for large lots of chips, such that the 
per-unit chip cost is of more importance. If customization or 
cost reduction is not required, then in block 417 the die is 
used. General use of the die entails metalliZation of the die to 
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interconnect components of the base layer in the die to 
achieve a required operation of a chip. 

[0035] If, hoWever, customization or cost reduction is 
required, in block 419 the die is customized With a metal 
programmable base. Customization of the metal program 
mable base is performed by modifying the base layer, more 
particularly portions of the base layer, in a manner such that 
the particular requirements for the chip may be met, including 
cost requirements. 
[0036] The customized die is then added to the pool of 
metal programmable dies for further use by others in block 
421 

[0037] If, hoWever, in block 413 it is determined that no die 
in the pool Was usable, then the process proceeds to block 
423. In block 423 a custom metal programmable die is 
designed. A custom metal programmable die is designed 
using custom design techniques generally used for custom 
design of integrated circuitry. HoWever, preferably the design 
is performed using a library of programmable components in 
Which alternative components for every selected components 
are included Within the die. 

[0038] Upon design of the custom metal programmable 
die, the custom metal programmable die is added to the pool 
in block 421. The process thereafter returns. 

[0039] In some cases a chip designer may have need for 
suf?ciently extensive functions that a single die of the pool of 
dies may have insuf?cient ?oor space. In some embodiments, 
therefore, multi-tile dies are used as elements of the pool of 
metal programmable dies. 
[0040] FIG. 5 illustrates tiles formed on a semiconductor 
Wafer. Sometimes the tiles are called dies, as the Wafer is 
diced, usually along tile lines, to form individual dies. In some 
embodiments of the invention multiple tiles are used to form 
a single die. Dies are generally formed as part of operations on 
a single Wafer, Which may include many individual dies, and 
the individual dies may or may not be con?gured in the same 
manner, either With respect to base layers or metallization. 
Processing occurs across the Wafer for all the dies present on 
the Wafer, With the tiles later broken apart into individual dies 
after scribing of the Wafer. As illustrated in FIG. 5 each tile in 
the Wafer directly abuts another tile. In many cases, hoWever, 
some distance is provided betWeen tiles in the Wafer to 
account for material loss related to scribing of the Wafer. 

[0041] The Wafer of FIG. 5 is illustrated as having a par 
ticular number of tiles formed thereon. In general the number 
of tiles on a Wafer depend on a number of factors, primarily 
such as the size of the Wafer and the size of the tiles on the 
Wafer. Four of the tiles of the Wafer of FIG. 5 are speci?cally 
identi?ed for purposes of discussion. A ?rst tile 513, a second 
tile 515, a third tile 517, and a fourth tile 519 are shoWn as 
sharing a common corner betWeen them, With the four tiles, 
each rectangular in shape, together forming a rectangular 
shape. Thus, the ?rst tile shares a common side With the 
second tile and the ?rst tile shares another common side With 
the third tile. Similar statements apply to the second tile With 
respect to the ?rst tile and the fourth tile, to the third tile With 
respect to the ?rst tile and the fourth tile, and to the fourth tile 
With respect to the third tile and the second tile. 

[0042] FIG. 6 shoWs an example layout in block form for 
the ?rst tile of FIG. 5. In various embodiments the layout of 
the ?rst tile may vary from that of FIG. 6, and in various 
embodiments the other tiles may have the same layout as the 
?rst tile, or the layout of various tiles on the Wafer may differ. 
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[0043] As illustrated in FIG. 6, the tile includes an I/O ring 
611 substantially about the periphery of the tile. The U0 ring 
includes a plurality of I/O slots, for example including I/O 
slot 613. Corners 615 of the tile may include circuitry used by 
multiple components or blocks on the die. For example a 
corner may include poWer reference circuitry, or as illustrated 
a PLL 617. 

[0044] The center portion of the tile may be considered as 
including core logic functions, although in many embodi 
ments core logic functions additionally includes memory and 
memory related functions. Included Within a center portion of 
the tile is a high level logic block 619, Which may include a 
sea of gates for providing high level logic function. The center 
portion of the tile also includes device speci?c logic function 
blocks 621 and 623, and on chip memory blocks 625a-c. 
[0045] A single I/O slot is illustrated in more detail in FIG. 
6. The U0 slot includes a core logic interface portion 627 
Which provides for interfacing of the I/O slot With the core 
logic functions. The core logic interface portion often gener 
ally includes components Which, depending on the metalli 
zation pattern, implements logic for forming signals in accor 
dance With a selected I/O interface standard. The U0 slot also 
includes a conversion portion 629 Which provides for con 
verting signal levels from signal levels used in the core 
domain to signal levels used off-chip or, as Will be further 
described, used in another abutting tile. The conversion por 
tion is also metal programmable, and depending on selected 
interface requirements, may implement circuitry con?gured 
for performing different conversions. 
[0046] The U0 slot, as illustrated, also includes tWo driver/ 
receiver portions 631 and 633. In many embodiments only a 
single driver/receiver portion is used, With particular compo 
nents selected by metallization, but tWo driver/receiver por 
tions are used for purposes of discussion. 

[0047] A ?rst driver/receiver portion 631 includes compo 
nents for driving signals and/or receiving signals in accor 
dance With various I/O standards. The components may be 
selectively interconnected so as to drive and/or receive sig 
nals as required for proper I/O interfacing With off chip signal 
sources and signal sinks. In general the selected components 
are coupled to a pad on the chip, Which may be coupled to 
Wires and other structures for providing and receiving off chip 
signals. 
[0048] A second driver/receiver portion 632 includes com 
ponents for driving signals and/or receiving signals from an 
adjacent tile. In some embodiments the components are simi 
lar to components for providing intra-chip signal transmis 
sion and/or reception, although generally the components 
may have increased signal drive, for example, to suf?ciently 
drive signals across intra-tile distances. 

[0049] For instances When the tile is used as a single die, 
components of the ?rst driver/receiver portion are coupled by 
metallization to provide required die capability. For instances 
When the tile is used as a multi-tile die, and the particular I/O 
slot is used for inter-tile intra-die communication, compo 
nents of the second driver/receiver portion are coupled foruse 
by metallization. Of course, it should be recognized that in 
many embodiments the ?rst portion and the second portion 
may not be provided as distinct portions, but instead as a 
single portion Which provides the requisite functions based 
on metallization patterns interconnecting components. More 
over, in some embodiments the second portion may not be 
provided, With the ?rst portion used for inter-tile intra-die 
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communication. Such an embodiment is not necessarily pre 
ferred, however, as doing so Would likely result in increased 
power consumption. 
[0050] In some embodiments a tile such as the tile of FIG. 
6 is diced from the Wafer to form a single die. An example of 
such a die is illustrated in FIG. 2. The die may be formed, for 
example, by the tile 513 ofFlG. 5. Thus, the die ofFlG. 2 may 
be considered a single tile die. 
[0051] FIG. 7 illustrates a tWo tile die. The tWo tile die may 
be formed, for example, by the tiles 513 and 515 of FIG. 5. 
Thus, the tWo tile die includes a portion formed by a ?rst tile 
711 and a portion formed by a second tile 713. As illustrated 
in FIG. 7, a ?rst signal pathWay 715 is formed, generally by 
metallization, betWeen an I/O slot of the ?rst tile and an I/O 
slot of the second tile, and a second signal pathWay 717 is 
formed, also generally by metallization, betWeen another l/O 
slot of the ?rst tile and another l/O slot of the second tile. It 
should be recognized that While tWo signal pathWays betWeen 
the tiles are illustrated in FIG. 7, in most embodiments many 
more signal pathWays are provided between 1/0 slots of the 
tiles, and the I/O slots need not be adjacent as illustrated in 
FIG. 7. 
[0052] FIG. 8 illustrates a four tile die. The four tile die may 
be formed, for example, by the tiles 513, 515, 517 and 519 of 
FIG. 5. Thus, the four tile die includes a portion formed by a 
?rst tile 811, a portion formed by a second tile 813, a portion 
formed of a third tile 815, and a portion formed by a fourth tile 
817. As illustrated in FIG. 8, a ?rst signal pathWay 819 is 
formed betWeen an I/O slot of the ?rst tile and an I/O slot of 
the second tile. Similarly, a second signal pathWay is formed 
betWeen an I/O slot of the ?rst tile and an I/O slot of the fourth 
tile, and a third signal pathWay is formed betWeen an I/O slot 
of the third tile and the fourth tile. In the embodiment of FIG. 
8, no signal pathWays are formed betWeen the second tile and 
the fourth tile. Of course, in different embodiments feWer or 
greater numbers of signal pathWays betWeen tiles may be 
used, and all of the tiles may be interconnected by signal 
pathWays. 
[0053] Accordingly, the invention provides metal program 
mable dies, pools of metal programmable dies, multi-tile 
metal programmable dies and methods of creating and using 
the same. Although the invention has been speci?cally dis 
cussed With respect to certain speci?c embodiments, it should 
be recognized that the invention may be practiced other than 
as speci?cally discussed, With the invention comprising the 
claims, and their insubstantial variations, supported by this 
disclosure. 
What is claimed is: 
1. A method of forming a pool of die designs for use in 

manufacturing dies, comprising: 
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receiving a pool of die designs, each of the die designs 
providing for a metal programmable base layer; 

selecting a die design for use in fabrication of a die if a die 
design in the pool of die designs provides a desired 
functionality; 

selecting a die design for customization and fabrication of 
a die if a die design in the pool of die designs provides a 
su?icient level of desired functionality, a su?icient level 
of desired functionality being a level of functionality 
Which is a desired level of functionality after customi 
zation of the die design; 

customizing the die design; and 
adding the customized die design to the pool of die designs. 
2. The method of claim 1 Wherein customizing the die 

design includes adding metal programmable blocks to the die 
design. 

3. The method of claim 1 Wherein customizing the die 
design includes removing metal programmable blocks from 
the die design. 

4. The method of claim 1 further comprising: 
determining that no die design in the pool of die designs 

provides a desired functionality or a suf?cient level of 
desired functionality; 

forming a custom die design for use in fabrication of a die, 
the custom die design providing for a metal program 
mable base layer, the custom die design providing the 
desired functionality; and 

adding the custom die design to the pool of die designs. 
5. The method of claim 4 Wherein the custom die design is 

formed using a library including metal programmable blocks. 
6. The method of claim 4 Wherein the custom die design is 

formed using a library including metal programmable com 
ponents. 

7. The method of claim 1 Wherein the pool of die designs 
includes multi-tile die designs. 

8. The method of claim 7 Wherein the multi-tile die designs 
include selectable components for metallization in an I/O slot 
of the die design for providing inter-tile intra-die communi 
cation. 

9. A multi-tile die, comprising: 
a plurality of tiles of a Wafer forming a single die; 
each of the plurality of tiles including l/O slots; 
at least some of the I/O slots including a base layer con?g 

urable either for providing off die electrical signal com 
munication or for providing intra die electrical signal 
communication; 

With the base layer con?gurable by metallization. 

* * * * * 


